The influence of dietary long chain polyunsaturated fatty acid (LCP) supply, and especially of docosahexaenoic acid (DHA), on evoked potential maturation, was studied in 58 healthy preterm infants using flash visual evoked potentials (VEPs), flash electroretinography (ERG), and brainstem acoustic evoked potentials (BAEPs) at 52 weeks of postconceptional age. At the same time, the fatty acid composition of red blood cell membranes was examined. The infants were fed on breast mlk (n=12), a preterm formula supplemented with LCP (PF-LCP)(n = 21), or a traditional preterm formula (PF)(n= 25). In the breast milk and PF-LCP groups the morphology and latencies of the waves that reflect the visual projecting system were similar; in the PF group the morphology was quite different and the wave latencies were significantly longer.
During the third trimester of human fetal growth and the first four to six postnatal months, long chain polyunsaturated fatty acids (LCP) and especially docosahexaenoic acid (DHA), accumulate in the brain and retina. This coincides with the rapid maturation of the nervous system and photoreceptors. "13 Preterm infants may be LCP deficient because of both the lack of intrauterine nutrition in the last months of pregnancy and the relative immaturity of the enzymes necessary to elongate and desaturate their essential fatty acid precursors.4 An LCP supplement, and especially DHA, in preterm formulas improves maturation of rod photoreceptor function and visual acuity in early postnatal development.
As far as we know, an evaluation of the influence of infant diet on neurophysiological maturation of flash visual evoked potentials (VEPs) and low rate brainstem acoustic evoked potentials (BAEPs) has never been carried out. We therefore performed a prospective controlled single blind study on preterm infants to evaluate the effect of LCP, either incorporated into the formula or present in breast milk, on the maturation of flash VEPs, flash electroretinography (ERG), and low rate BAEPs. Moreover, we analysed the fatty acid composition in red blood cell membranes as an index of neural and retinal tissue composition.
Methods
Sixty six preterm infants were enrolled in the study: they were less than 33 weeks of gestational age, of appropriate weight, and with no malformation that could interfere with somatic and/or psychomotor development. They had no neurological, visual, acoustic or gastroenterological illnesses. None had experienced perinatal asphyxia. All of them had normal fundus oculi. By the 10th day of life all of them had received at least 50% of their caloric requirement through enteral feeding. They were preferentially fed on breast milk whenever available (breast milk, n=17); otherwise they were randomly assigned to a formula for preterm infants enriched with LCP (Preaptamil with Milupan, Milupa AG, Friedrichsdorf, Germany) (PF-LCP, n=23), or a traditional formula for preterm infants (PF, n=26) (table 1) . Infants assigned to the breast milk group received at least 75% of their own mother's milk. The LCP enriched formula was given to integrate breast milk when necessary. Infants assigned to the formula groups received less than 25% of their caloric intake from breast milk. These feeding regimens had to be continued until 52 weeks of postconceptional age. At that time 58 infants had remained in their allocated diet group: breast milk, n=12 (6 of them 100% breast milk); PF-LCP, n=21 (19 of them 100% formula); PF, n= 25 (19 of them 100% formula), and the results refer to them. The three groups were comparable in weight and gestational age (table 2) .
Parental informed consent was obtained for each infant before enrolment in the study, and the study was approved by the local ethics committee.
Visual evoked potentials and long chain polyunsaturatedfaty acids in preterm infants Growth (weight, length, head circumference) and food tolerance were examined weekly until infants were 40 weeks of postconceptional age, and every two weeks thereafter.
As there were no differences among the diet groups at study entry, we did not analyse the fatty acid composition at that time. In fact, we studied the fatty acid composition of red blood cell membranes during the 52nd week. lipids were extracted from membranes with cloroform:methanol 2 in 1, and were methylesterified with methanol/HCl 5% v/v for 1 hour at 70°C. Gas chromatographic analysis of methyl-esters was performed using a Carlo Erba instrument HRGC 5160 equipped with a fused silicon column SP 2340 (Supelco) of 30 m x 0.32 mm internal diameter. The temperature colunm was programmed between 1600 to 2 10°C with a gradient of 8°C/minute; the gas carrier He flow was 2 ml/minute. components-that is,waves N2, P2, and N3 whose latencies are less than 100 millijseconds-were present in almost all infants, whereas late component ( 100 msec) waves P3, N4, and P4 were not always well identifiable. So the examiner noted down which waves were well defined and which ones were poorly defined or completely absent (table 3). In the PF group P3 and N4 waves were mostly well defined, whereas in the breast milk group they were poorly defined or absent for the most part . The infants fed on PF-LCP showed an intermediate waveform that resembled the breast milk rather than the PF group. Wave P4 showed an opposite trend: it was well defined in the breast milk and PF-LCP groups, but poorly defined or absent in the traditional PF group. Table 4 reports mean values and standard deviations of latencies among the three dietary groups. The latencies of waves N4 and P4 are significantly longer in the PF group than in the PF-LCP and breast milk groups (P < 0.01). Moreover, N4 and P4 latencies were similar in breast milk infants and in those fed PF-LCP (not significant). ERG and BAEPs did not reach significance among the three groups (table 5) .
While growth parameters did not show any significant difference, the fatty acid composition of red blood cell membranes was different Visual evoked potentials and long chain polyunsaturatedfatty acids in preterm infants in the three dietary groups. In fact, we found a significantly higher concentration of LCP, and especially DHA (P < 0.0001), in the breast milk and PF-LCP groups than in the traditional formula fed infants (table 2) . We also studied the association between the DI{A concentration in red blood cell membranes and the latencies of waves N4 and P4 in the study population as a whole, and we found a significant inverse correlation between these parameters (N4: r = -0.31, P < 0.02; P4: r = -0.33, P < 0.007).
Discussion
The correlation between LCP dietary intake and visual fimction in preterm newborn infants has been the focus of increasing research in recent years. In particular, DHA has a fundamental role in the modulation of the fluidity of membranes and the transmission of neuroelectrical signals in the photoceptors and in the brain synapsis.' 3 "'2 Studies on diet and maturation of ERG and visual acuity in preterm infants have been published. Birch Other studies have shown that the development of the evoked potentials is related to gestational age: the number of waves increases with increasing age and, at the same time, the latency of all components progressively decreases. At two to four months from term, flash VEP morphology is similar to that of an adult, but latencies are longer.'3 BAEP waveform is complete at 42 to 43 weeks ofpostconceptional age; the latency maturation reaches values that are similar to an adult's at 18 to 24 months from term. 22"23 Our data show that not only the age but also the LCP dietary supply influences flash VEP maturation. Even though physiological differences in flash VEP morphology have been described among individuals, " we found a recurrence of three different morphological patterns that correlate with the three dietary regimens. The prevalence of a morphological pattern in the LCP supplemented group, which more closely resembles that of breastfed infants than that of traditional formula fed infants, together with the latency shormess of some late components in the breast milk and PF-LCP groups compared with the PF group, may be the expression of different visual pathway maturation due to different levels of retinal and cerebral LCP. Animal studies have shown that diet-induced changes in the red blood cell membrane fatty acid composition were paralleled by similar changes in the brain and other tissues.24 Recently, an association between diet and the fatty acid composition of infant cerebral cortex has been demonstrated.'6 25 26 The DHA concentration in infant cerebral cortex is greater in breastfed than in traditional formula fed infants, the accretion of cortex DHA being dependent on the length of breast feeding probably because of the supply of preformed DHA. In fact, during early infancy it seems that the brain preferentially uses the preformed long chain polyunsaturated fatty acids and not those synthesised from their precursors. 26 Makrides et at25 have also demonstrated that infant erythrocyte DHA correlates with that of the brain, indicating that erythrocyte DHA may be a valid indirect marker of cerebral cortex DHA in human infants. In our study the evaluation of the red blood cell membrane composition produced a negative correlation between some VEP late component latencies and the membrane DHA composition. Thus lipid composition in red blood cells reflects the composition of the nervous system membranes, and as DHA particularly concentrates in synaptic membranes,6 27 these results could mean that the more DHA membrane content there is, the better the synaptic transmission is and the shorter is the wave latency. The influence of dietary LCP on late, but not on early, VEP components at 52 weeks of postconceptional age may be explained on a neuroanatomical basis. The early components, which are related to geniculo-occipital connections (the primary visual system), are already present at birth, mature earlier, and remain more constant in latency compared with the other waves.'3 28Therefore, diet does not seems to influence them. The late components are the expression of the more diffusely projecting system (reticulo-cortical or thalamo-cortical connections) that is related to behavioural processes; these interconnections gradually develop, progressively increase in complexity, and mature more slowly than the primary visual system.'3 28 Therefore, the influence of the diet on the late VEP components may be effective for several weeks after birth, especially in preterm newborn infants. Birch et al 7 did not find any significant difference induced by diet in ERG recorded at 57 weeks of postconceptional age. Our recordings did not show any difference in flash ERG maturation at this age in relation to diet either.
Finally, the lack of any relation between BAEP latencies and both dietary and red blood cell membrane LCP composition suggests little, if any, influence of LCP on the transmission of neuroelectrical signals along the white matter of the brainstem.
In conclusion, our study supports previous findings on the importance of dietary LCP for an optimal visual development of preterm newbom infants. Although long term follow up studies are needed to evaluate the persistence of such an effect at older ages, we believe that a balanced LCP enriched milk formula represents important progress in the early nutrition of preterm infants when mother's milk is not available. 
